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SYNOPSIS
This paper describes the use of load cells designed and manufactured
to suit the particular application of the measurement of loads in
Corrugating Rolls.

Because of service conditions the load cells were

relatively small in size but at the same time had to be sufficiently
rigid to protect the eorrugator itself.

The particular requirements

imposed by dynamic loading and size precluded the use of commercially
available cells.

2.

1.

SERVICE CONPIPIOHS
Conversion of a rolling system for corrugating iron sheets up to

16 feet length to handle sheets up to 20 feet length.

The required

loads on the rolls to be known at any instant in the process.
Essentially the problem was within the roll itself and its housing
where the loads had to be known.

Roll housings for such equipment,

because of strength requirements and the need to avoid excessive
deflection are difficult to gain access to.
The lower housing was chosen as the site to measure loads because
the upper roll frequently moves on impact of the sheets at the first
corrugation.

The lower bearing then had a static load of half the

roll weight plus each housing weight.
Between the bearing housing and the roll bearing there was a space
of some

and the maximum thickness of metal in the housing was

approximately 5"-

With an overall deflection of the cell to be limited

to 0.005 inches, it was decided to limit the cell to an overall length
of 2 " with a diameter of 2".
Accordingly the mill was dismantled and a 2" diameter hole drilled
2 ”deep into the housing in the centre of the bearing.

The load cell

fitted into this hole and the requisite leads were taken out through
the

gap.

2.

LOAD CELLS GEHERALLg
The estimated maximum load on each cell was of the order of 15 tons.

To allow for a load factor of 3> the cells were designed for 4 5 tons.
The load cell being in compression necessitated the load being applied
through a flat plate to the spherical cap of the cell.

The magnitude

of the transmitted forces was determined by resistance strain gauges
being attached to the body of the cell as shown in Figures 1 and 2.
With the steels generally available, the yield points are in the
range 1+5,000 ± 15,000 lb/in2 .
Most carbon steels commercially available exhibit some rolling
imperfections in the central region due to their being not fully killed
steels.

For this reason, a stainless steel bar of 20 tons/square inch

minimum yield and which showed the required uniformity was used
(Consteel HR25/20).
Tensile tests were made on both a stainless steel and carbon steel
for effects of hysteresis.

The results, Figure 5, showed conclusively

that the stainless steel chosen exhibited less hysteresis effects than
the carbon steels tested.

With the stainless steel used, the difference

in load indicated for load increasing and load decreasing was less than
'i$ at the mid range position.
The stainless steel chosen, when tested, showed, Figure h, that it
had an elastic limit of k6,800 Ib/sq.in.
of 15,600 lb/in 2 was projected.

Accordingly a working stress

The shape of the load cells is shown in Figure 1.

The cells were

required to fit inside a 2" diameter drilled hole and have the leads
coming out at the top of the hole.

These physical requirements

governed the maximum diameter of the cell at 1 .990", and also necessitated
a rather awkward arrangement for bringing the electrical leads out.
It will be noted that the upper section of the cell, well away from
the strain gauges was made smaller in diameter than the main body.
was to give sufficient room to get the leads out.

This

It was considered not

detrimental if the stress in this area approached closely to the elastic
limit.
As shown in Figure 2 at the position where the gauges were applied,
the area of the central cylindrical section with the milled flats is
2.27 in2 .

With a working stress of 15,600 lb/in 2 and an area of

2.27 in2 , the permissible load would be 15.8 tons.

The compressive

stress of 15,600 lb/in 2 is almost 30$ of the elastic limit of the steel
used.

In other words, a 15.8 ton load applied to the cells should give a

linear response.

Even up to, say, a JO ton dynamic load they should

be linear and give reproducible results.
It should be noted however that the actual stresses in the cell
will most likely exceed the figures shown by a small margin, due to the
small physical proportions of the cell not distributing the load
uniformly throughout.
The stainless steel used was tested to find Its modulus of
elasticity.
Figure

This was found to be 28.3 x 10 6 lb/in2 , as shown in
Hence, a maximum stress of U6,800 lb/in 2 would cause a

deflection over the 2 ”length of the cell of less than 0.003 inches.

5-

As seen on Figure 2, the strain gauges were attached to the milled
flats and the leads taken up and around the reduced section adjacent to
the top of the cell.

A copper sheath was placed over the cell for

mechanical protection and after satisfactory checkout procedures, the
entire inner area was encapsulated with an epoxy resin (100:7 by
weight of Araldite D with Hardener 951)-

A brass ring was also

attached for complete protection.
To protect the upper face of the load cell, a special bearing pad
was inserted.

This was made convex to the extent of 0.030" over l g ”

diameter, the central section of ~ ’
’diameter being flat.

The bearing

pad was made from a kO ton/sq.in. yield, medium carbon steel.
Due to relatively harsh service conditions and difficult placement
of the cells in their final position, heavily reinforced leads were at
first used.

These were found to be too stiff for the small cell and a

compromise -was made by using normal twin core shielded strain gauge
cable.
These leads proved suitable only due to extreme care being taken
in the positioning of the cells in the corrugator.

5.

ANCILLARY EQUIPMENT
Four strain gauges of the type Philips PR 8812 were used.

These

were positioned and connected as shown in Figure 2 to form a balanced
temperature compensated bridge.
The load cells manufactured incorporated a full bridge to provide
a degree of insurance in case of failure of a strain gauge, in which case it
would be used as a half bridge of reduced sensitivity.
In order to have this capability of using the cells as a half bridge,
four shielded cables were taken out of the cell to the measuring
device used.
The shape of the corrugator rolls themselves indicated that the load
applied to the bearings could vary extremely rapidly.

The rolls had

six corrugating bars and it appeared that the load would fluctuate from
a base load to a maximum with each corrugation.

The time interval for

each corrugation during rolling was of the order of

second.

In

order to study details in this period of time, some twenty discrete
points at least would be required.
Since a carrier frequency would be required for the bridge supply,
this carrier frequency should give at least 10 cycles for each interval
of time required.

Hence a carrier frequency of at least 4,000 cycles/

sec would be required.
A 25 Kc/sec carrier was supplied to each cell by separate Tektronix
Type 3066 carrier amplifiers, plugged into a Type 564 Tektronix storage
oscilloscope.

Each carrier amplifier had complete bridge balancing

facilities for both capacitance and resistance, and also sensitivity.

The outputs from the amplifiers were fed to the x and y plates
respectively in order that any differences in loads could be readily
discernible and stored for immediate observation and analysis.
Additional to the oscilloscope display, the output signals from
the amplifiers were taken to a Dynagr&ph direct writing oscilloscope.
This recorder is a two-pen rectilinear machine capable of writing up to
50 cycles/sec, with full scale deflection.

Although this writing

frequency is less than desired, it is sufficient to give a reasonably
accurate and permanent indication of the loads on a strip chart.
A more accurate recorder was also used to study, in fine detail,
the smallest fluctuation of load on the cells.
used was a 12 channel ultra violet recorder.

The additional recorder
This recorder also

recorded motor supply current when in service.
The expected maximum loading of 15 tons on each cell would cause a
strain just in excess of 500 iis and the cells were calibrated on the
basis that 500 ias would cause maximum deflection on the oscilloscope.
Prior to calibration, the load cells were placed under compressive loads,
loads of 20 tons were applied over 200 times and shown in Figure 5 is the
calibration obtained.

Henceforth the drift was negligible.

were then calibrated daily for 7 days.

The cells

Very slight variations in the

calibration were observed in the first four calibrations, but henceforth
identical calibrations were recorded.
The final calibration of the load cells was carried out on a K.A.T.A.
calibrated 50 ton Avery Universal, testing machine.
as shown on Figure 6, each cell being identical.

The calibration is

h.

OPERATION OF LOAD CELLS
The outputs from the two load cells were fed respectively to the

vertical and horizontal traces of the oscilloscope.

For inputs of

similar amplitude, completely in phase,, the resultant trace is a line
mid-way between the axes.

Any difference in loads between the two

cells would be readily observed by displacement to either side of this
line.
In operation the resultant trace was highly irregular with the mean
at approximately 55* to one axis as shown in Figure 7, thus indicating
that

1)

the two loads were not equal and

2)

the loads, although unequal were out of phase, or

3)

the relationship between the two loads varied during each
cycle.

Throughout the test the results indicated that one bearing was
taking of the order of 58^ of the separating force, although all other
operating conditions indicated equal loadings.
The magnitude of the Instantaneous load was scaled from the hard
copy of an ultra-violet recorder.

The load observed was not steady,

but fluctuated due to the engaging of individual flutes on the roll.
The separating force rose very steeply on the engagement of the sheets,
then fluctuated with each flute engagement.

The actual results enabled

relationships to be found between the sheet length and size and the
separating force.

Hence from the separating force could be found the

allowable deflection of the rolls to restrain the necking of the sheets
within allowable limits.

9.

Upon examination of the resultant charts it became obvious that peak
instantaneous loads were greatly in excess of those anticipated when the
load cells were designed.

By extrapolating frc® the calibration curve

along the dotted line, the load appeared to be of the order of 32 tons.
In view of the close proximity of this load to an overload point, the
cells were re-calibrated in the laboratory seme weeks after original
use.

The calibration was found to be unchanged, indicating that

instantaneous loads of very short duration may not be as detrimental to
load cells as long duration loads of similar magnitude.
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